Abstract: MRI (Magnetic Resonance Imaging) usage tends to be rapidly increasing over the last decades in clinical applications. Although MRI service is a powerful and very useful diagnostic tool for the doctors, it is very expensive. This research paper concerns the economic cost of the NGH (Nicosia General Hospital) MRI Department for the calendar year 2015. Data were collected and analysed through triangulate data collection methods. Research methods include empirical observation, interviews and secondary data analysis. Calculations were made by the bottom-up method. The total cost for the MRI department for the year 2015 was €434,987.52. The external services bought from private sector in order to eliminate waiting list cost €1,071,803. In case NHIS (National Health Insurance System) was implemented in 2015 possible incomes should be €1,412,152. Nicosia General Hospital MRI department balance in case NHIS was implemented in 2015 was €94,638.52 loss. The negative result strongly supports that there is space for improvement in the MRI department. Our research suggests that changes must be done in the management of the MRI Department. Implementation of TQM (Total Quality Management) method could reduce the cost of the aforementioned diagnostic department. This work is the first cost study for the NGH MRI Department and could be used as a reference and give basic costing data for MRI service to healthcare policy makers.
Introduction
A cost study of a healthcare department contains the resources that are used for production as well as for distribution of the diagnostic healthcare services [4] . In our research study, the MRI department cost study contains the total resources needed for the production and distribution of MRI examinations of the NGH (Nicosia General Hospital) patients. More specifically Over the last decades medical technology and medical devices in particular have undergone tremendous growth. MRI (magnetic resonance imaging) usage tends to rapidly increase to clinical applications such as diagnosis, prevention and treatment producers [1] . Although MRI service is a powerful and very useful diagnostic tool for doctors [2] , it is very expensive as several studies show [3] .
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it includes human resources and consumables. According to OECD (2014) there are not enough MRI units per country and if their number is small, then an accessibility problem will be raised. Even though Cyprus has a high percentage of MRI units per population in Europe, there is only one MRI unit in the public sector [5] . Thus an accessible problem was raised due to the fact that the waiting list is more than 12 months [6] .
The purpose of this research paper is to highlight the economic cost of the NGH MRI Department in Cyprus for the calendar year 2015. This study will provide important information to health policy makers and technocrats in Cyprus regarding real economic cost results as well as improvement solution for the aforementioned diagnostic department. This is even more important as Cyprus is a few steps away from the upcoming NHIS (National Health Insurance System) implementation.
Material and Methods
Data were collected and analyzed through triangulate data collection methods. Research methods include empirical observation, interviews and secondary data analysis. Calculations were made with the bottom-up method [7] .
We conducted empirical observation to the Nicosia General Hospital MRI Department for the period of 2 months with the view of an in-depth understanding of the internal procedures. Then all personnel categories (doctors, radiologic technologists, nurse and administrative staff) were interviewed in order to cross check those empirical observation's findings.
Next we calculated the consumables' total cost. We collected and analyzed data regarding the number of patients and examination type from the hospital's online database PACS (picture archive communication system). We found each examination frequency number. Then we analyzed each MRI examination procedure separately given that consumable usage is not the same in every examination. The contrast liquid total cost was collected from the pharmaceutical services. Information regarding consumable's cost was collected from the Ministry of Health Purchasing Directorate.
Furthermore, the total employees' cost was calculated including annual salary and overtime payment. In NGH MRI Department 7 professionals are employed, which are two physician radiologists, two radiologic technologists, one nurse and two administrative staff. Data regarding annually salary as well as overtime rate payment were collected from Republic of Cyprus Treasury and calculated accordingly. Information such as number and personnel category, overtime examinations' number and average salary scale were collected through empirical observation and interview methods.
Moreover an additional 20% indirect cost in terms of miscellaneous expenses such as electricity, cleaning services, water and telecommunications were included [8] .
Due to the fact that there was a long waiting list for MRI examination in 2015 [6] , Ministry of Health bought external services from the private sector in order to eliminate waiting lists. Data regarding the cost of the external services were collected through interviews from Medical and Public Health Services Accounting Department's officers. Finally, we calculated the possible MRI department income in case public healthcare services were covered and operated by NHIS. We collected information from Nicosia General Hospital's Accounting Office regarding the cost of each examination for patients that were not healthcare beneficiaries. The total number of patients per type of MRI examination was collected from the hospital's online database PACS and calculations were made accordingly.
Results and Analysis
The total number of patients for the MRI department for the year 2015 was 3,760 ( Table 1) . The total consumables' cost was €32,799.92 ( Table 2) . The total employees' cost including annual salary and overtime payment was €329,689.68 (Table 3 ). The total cost for Nicosia General Hospital MRI department for the year 2015 was €434,987.52 (Table 4) . In case NHIS was operated in 2015 possible incomes should be €1,412,152. Due to the fact that there was over 12 months waiting list, external services bought from private sector in order to eliminate waiting lists with cost €1,071,803. Lastly, Nicosia General Hospital MRI department balance in case NHIS was operated in 2015 was €94,638.52 loss (Table 5 ) and average cost per patient was €122.58 (Table 6 ).
Conclusions
The cost study of a healthcare service provides a clear view of possible profit or loss of the interested service [9] . According to the results for the Nicosia General Hospital MRI department average cost per patient was €122.58 for 2015. The Ministry of Health, as the public healthcare provider, spends €1,505,790.52 for MRI examinations services whereas the possible income of the aforementioned diagnostic service was €1,412,152 in case NHIS was implemented and operated in 2015 and examinations could be refunded from NHIS fund. Thus, the balance for Nicosia General Hospital MRI department for 2015 was €94,638.52 loss. The negative resultstrongly supports that there is space for improvement in MRI department.
Due to the fact that a negative balance is not viable for the diagnostic department, crucial changes must be taken. Changes regarding management have to be done, since our empirical observation and interview's findings showed that there is not any management method, approach or philosophy followed to the MRI department. TQM (Total Quality Management) could reduce the cost to the aforementioned diagnostic department [10] . According to the literature, many healthcare departments worldwide have implemented TQM in order to reduce cost of their service [11] [12] [13] [14] [15] . Specifically, George Washington University Hospital located in Washington, D.C. USA had reduced by 75,000 USD the cost as a result from TQM implementation [16] . In addition, Florida Hospital in Orlando USA had reduced the cost by 4,000,000 USD annually after TQM implementation [17] .
The novelty of this research paper is that it's the first cost study for Nicosia General Hospital MRI Department. Until now, the Ministry of Health had data regarding healthcare sector's cost in general. But it did not have any data regarding the MRI department's cost solely. According to the literature the unknown cost is larger than the known cost [18] . Unknown cost could arise many problems regarding internal procedure changes and generally in strategic planning. In addition, this paper could help the Ministry of Health's attempts for costing each healthcare service separately. Due to the upcoming NHIS implementation Ministry of Health is trying to determine healthcare cost for each healthcare service solely. This study could be used as a reference and give basic costing data for an updated cost study.
